The yield stress, % (in dyne/cm 2 ), and the model viscosity, , may be determined from the fibrinogen concentration, * (in g/dL), and the hematocrit, , of the blood sample according to the following parametric equations: 
where B is the plasma viscosity, I is the reference temperature at which the plasma viscosity is measured (in K), and is the temperature of the blood sample (in K).
For the transient behavior of the model, the stress is specified as a summation of an elastic stress and a viscous stress without a direct dependence on the structural parameter:
The structure parameter affects the stress indirectly through the elastic modulus which evolves through a relaxation rate equation:
where M is a nondimensional rate parameter for the relaxation of the elastic modulus. This formulation differs from the new model proposition by featuring a dependence of the rate of relaxation on the structure parameter, , and an elastic modulus equilibrium value that is linearly proportional to the structure parameter as opposed to inversely proportional. The structure parameter evolves through a similar structural kinetic rate equation:
where U is a nondimensional rate parameter for the evolution of the structure parameter. Unlike the new model, this formulation lacks a shear induced aggregation term. Additionally, due to the assumption of Casson behavior under steady shear, the time constants are specified and characteristic exponents are specified differently.
Identical to the new model, the total strain and rate of strain in the AAB model are decomposed into an elastic and plastic component as outlined in Eq. (16) of the main text. The plastic rate of strain evolves according to Eq. (19) in the main text. However, the elastic rate of strain differs in that the AAB model does not include a term to account for the breakup of structure:
Additionally, the maximum elastic strain is defined according to:
where b is a parameter representing the infinite shear limiting value for the maximum elastic strain. Unlike the new model, the maximum elastic strain in the AAB model is inversely proportional to the structural parameter and features a finite limiting value for the limit of high shear rates. This finite limiting value gives rise to a transition from Casson behavior to Newtonian behavior at high shear rates as exhibited by the steady state solution to the model:
In total, the AAB features six model parameters ( , % , U , M , I , and b ), two of which ( and % ) may be predicted from the physiological data. Overall, the AAB model is advantageous over the newly proposed model due to its relation to the physiology and fewer parameters. However, these advantages are outweighed by the poor fit to experimental data over a wide range of flow conditions. The model is unable to properly capture the UD-LAOS data largely due to the assumption of Casson behavior and the disappearance of elastic effects at high shear rates.
S-II. DERIVATION OF THE VISCOELASTIC RED BLOOD CELL MODEL
We begin the derivation of the red blood cell viscoelastic model by starting with the extended White-Metzner model, previously shown in Eq. (3) in the main text:
For a detailed derivation of how the extended White-Metzner model can be obtained through a first principles conformation tensor approach, the reader is referred to Souvaliotis and Beris [46] . For one dimensional shear flow, there are only two nonzero, unique elements of the stress tensor:
Using Eq. (4) in the main text, we can also define the conformation tensor as:
Through inspection of the conformation tensor, it is clear that the stress tensor and conformation tensor are directly dependent on each other, and thus, Eq. (S11) may be rewritten as:
where the governing equations for the two nonzero elements in one dimensional shear flow are:
The first invariant for one dimensional shear flow is found through the summation of the diagonal components r,q = tr = jj,q + 0 + 0 = jj,q .
To formulate the equation for the viscosity in terms of the first invariant of the stress tensor, we refer to the steady shear data where the viscosity was assumed to obey the Cross model with a unitary exponential:
However, the viscosity in Eq. (S18) is directly dependent on the shear rate instead of the first invariant of the stress tensor and thus must be reformulated. Under steady shear conditions, the time derivatives in Eqs. (S15) and (S16) will be zero, and the stresses will be:
Note that henceforth, the viscosity will no longer be written as a function of the first invariant of the stress tensor because it will often appear as the independent variable in the equation. From Eq. (S17), we see that Eq. (S20) equivalently gives the steady shear value for the first invariant of the stress tensor under one dimensional shear flow:
which can be rewritten as:
From Eq. (S22), one can observe that if the viscosity is only a function of the first invariant of the stress tensor, then any definition of the viscosity in terms of other variables must feature a coupling of the shear rate with the viscosity. This differs from the original White-Metzner model which enabled the viscosity to have a direct dependence on the shear rate. The proposed steady shear viscosity equation can be rewritten to involve a coupling of the shear rate with the viscosity by manipulating Eq. (S18):
Note that the absolute value in Eq. (S18) has been dropped because all flows considered in this work are in the positive direction. However, the model can still handle flow reversals but will require a conditional expression. Eq. (S24) is a quadratic equation which can be solved for the viscosity as a function of the first invariant of the stress tensor by utilizing the relation in Eq. (S22):
In Eqs. (S25-S28), the subscripts denoting steady shear have been dropped as the viscosity will have the same dependence on the first invariant of the stress tensor for any transient flow. This proposed form for the viscosity will reduce to Eq. (S18) under steady conditions. It should be noted that the same steady shear behavior for the viscosity could also be obtained by eliminating the infinite shear viscosity from the extended White-Metzner model then adding it back to the total stress as is common with equations of motion for polymers. However, this approach is not suitable for this system as the red blood cells are deforming against the bulk even at high shear rates. Additionally, if this approach were used, the elastic effects would disappear at high shear rates. This disappearance is not observed in the experimental data.
S-III. MODEL FITTING PARAMETERS
The 10 successive runs and corresponding optimal values for the high shear, steady state model parameters are shown in Tables S-I and S-II for Donor 1 and 2 respectively. Note that the high shear parameters were determined through a fit of the model with the structure components set to zero to the steady shear data at shear rates greater than 20 s -1 . The variations between the 10 runs are very small, indicating the high certainty in the evaluation of the optimal parameters for the data set. The 10 successive runs and corresponding optimal values for the low shear, steady state model parameters are shown in Tables S-III and S-IV for Donor 1 and 2 respectively. Note that the low shear parameters were determined through a fit of the full model to the full steady shear data. The high shear parameters were fixed for each flow curve as the previously determined optimal parameter set. The variations between the 10 runs are very small, indicating the high certainty in the evaluation of the optimal parameters for the data set. The 10 successive runs and corresponding optimal values for the transient model parameters are shown in Tables S-V and S-VI for Donor 1 and 2 respectively. Note that the transient parameters were determined through a simultaneous fit of the model to four UD-LAOS curves described in the main text. The steady state parameters, with the exception of ] , for each UD-LAOS curve were specified as the stress weighted average of the beginning and ending values for the steady state flow curves. The UD-LAOS preshear and the corresponding stress at the steady shear flow curves were used as the weighting factor and bounds respectively. The error associated with the parameter estimation was taken as the standard deviation of the 10 successive runs. 
S-IV. ADDITIONAL FIGURES
The steady state structure parameter value as a function of shear rate is shown for both donors in Fig. S1 . As expected, both donors show a similar trend with the structure parameter at approximately 1 at low shear rates and declining to 0 at high shear rates. The structure parameter for Donor 1 is higher than that of Donor 2 at a particular shear rate. This observable difference is likely linked to the difference in physiology between the two samples. The elastic projections for the structure parameter during the four UD-LAOS curves used for fitting for Donor 1 and Donor 2 are shown in Fig. S4 . The viscous projections are shown in Fig. S5 . Inspection of the structure parameter value enables insight into the different transient structure processes between the two blood samples. Note that the structure parameter is consistently higher for blood from Donor 1.
FIG. S4.
Elastic projection structure parameter value for UD-LAOS experiments on blood from both donors at (a) a frequency of 10 rad/s and a strain amplitude of 10, (b) a frequency of 10 rad/s and a strain amplitude of 1, (c) a frequency of 0.2 rad/s and a strain amplitude of 100, and (d) a frequency of 1 rad/s and a strain amplitude of 5.
FIG. S5.
Viscous projection structure parameter value for UD-LAOS experiments on blood from both donors at (a) a frequency of 10 rad/s and a strain amplitude of 10, (b) a frequency of 10 rad/s and a strain amplitude of 1, (c) a frequency of 0.2 rad/s and a strain amplitude of 100, and (d) a frequency of 1 rad/s and a strain amplitude of 5.
The Pipkin diagram of the viscous UD-LAOS projections for Donor 2 and corresponding model fits is shown in Fig. S6 . Inspection shows that over most frequencies and amplitudes the elastic effects are small. However, small elastic effects exist at low strain amplitudes as well as at high frequencies and high strain amplitudes. Additionally, thixotropic effects may be observed at moderate to low strain amplitudes and moderate frequencies.
